In this report, we mainly study the effect of water steam pretreatment conditions of raw materials on color, texture parameters, protein quality, solvent retention capacity and other properties of defatted soy flour extrusion texturization product and then trying to establish the regression model. The result shows that the correlation coefficients can be used for predicting the value of L*, hardness, cohesiveness, resilience, WSRC, LASRC, SCSRC and the interaction of covalent bond and non-covalent bond of extruded product of defatted soy flour steam treated. The effect of moisture content of raw material on hardness (p = 0.0010) and LASRC (p = 0.0041) is significant. The temperature of steam treatment on WSRC (p = 0.0017) and the interactions of covalent and non-covalent protein (p = 0.0003) is the most significant impact. The interactive effects of steam treatment temperature and moisture content on SCSRC of product is significant (p = 0.0002). The time of steam treatment has the most significant influence on L* (p = 0.0001), cohesiveness (p = 0.0019) and resilience (p = 0.0008) of product.
INTRODUCTION
The present study (Odell, 1966) focused on the vegetable protein, soybean protein, also include wheat protein, soy protein and rapeseed protein etc. Texturized protein has the higher nutritional value and the growing field of application for its similar structure of muscle, fiber characteristics and meat chewing feeling. However, texturized protein has the limitation in the field of application of emulsified meat products (Zheng, 2003) . Wang et al. (2005) found that protein content of protein isolated by hot water cooking process is less than 80%. This showed that some non-protein substances precipitated with protein isolated in the process of extraction. The soybean meal contains protein and carbohydrates and then Maillard reaction, a kind of non-enzymatic reactions, was likely to occur in food processing (Oliver et al., 2006) . Thus, protein and carbohydrates occurred Maillard reaction so as to reduce the purity of the protein isolate. Meanwhile, it also showed that the structure of high temperature soybean meal protein had been changed in water steam treatment.
The raw materials of high pressure water steam treatment can make the protein denaturation, which affects some properties of extruded products. In this report, we mainly study the effect of water steam pretreatment conditions of raw materials on color, texture parameters, protein quality, solvent retention capacity and other properties of defatted soy flour extrusion textrization product and then trying to establish the regression model.
MATERIALS AND METHODS

Materials:
Defatted soy flour with 39.4% protein, was obtained from the market. All other chemicals were analytical and the water were distilled water.
Methods:
In this test, using SYSLG 32-Ⅱextrusion experiment machine with a cylinder temperature of 140°C and a screw speed of 175 r/min, we study the effects of pretreatment temperature, pretreatment time and moisture content of raw material on defatted soy flour extrusion texturization product properties and establish regression model of pretreatment conditions on extrusion texturization product properties. The experiment used the uniform design of three factors and ten levels and was arranged in the U 10 (10 10 ) uniform design table. Specific test scheme was shown in Table 1 .
Regression analysis is the main method for analysis of uniform design data. When the number of factor levels are (p+1) (p+2)/2 times more than the test factors, the quadratic polynomial regression model can be used for data analysis. There are three factors and ten levels in this experiment, therefore, the quadratic polynomial regression model can be used to analyze the effects of pretreatment of raw material on defatted soy flour extrusion texturization product properties. And then quadratic polynomial stepwise regression analysis was adopted to analyze the correlation characteristic of extrusion texturization product by DPS 7.05.
Evaluation index:
Color: Color was one of the indexes to evaluate the quality of extruded products. And it reflected the level of chemical and nutritional changes in the process of extrusion texturization. The color of the samples was expressed in using uniform color space theory recorded in CIE (International Commission on illumination) (1976) as L*, a* and b*. Coordinate L*represents the luminance or lightness factor which indicates how light or dark the sample is. a* and b*, the chromaticity coordinates, represent the redness (+)/greenness(-) and yellowness (+)/blueness(-) color attributes. △E represents the color difference of samples with white board (Badescu et al., 1999; Sgaramella and Ames 1993; Fang et al., 2014) . The smaller value indicates the smaller difference with white board and the analyte more bright and white. This experiment made color analysis to dried samples of extrusion texturization product by automatic color measurement colorimeter DC-P3. Each sample does five parallel determination times and the results were showed in a "average value±standard deviation". The standard values for the white tile calibration were L*s = 97.13, a*s = 0.21, b*s = 1.87. Total color difference (△E) values were calculated using the Sotillo and Hettiarachy, 1994) .
Textural properties:
Texture is the most important evaluation index of extrusion texturization and will vary greatly with small variation of production operation. It is necessary to predict its texture characteristics for the concern of the quality of the product acceptability. The textural properties of fresh extrusion texturization including the hardness, elasticity, cohesiveness, chewiness and resilience, etc. Hardness means the necessary force of sample reaching a certain deformation time. And the greater of the value means the higher of hardness of sample. Elasticity means the height or volume ratio the sample recover to the former of deformation from removing the deformation force. And the greater of the value means the higher of elasticity of sample. Chewiness means the required energy of chewing solid sample to the steady state of swallowing. And the smaller of the value means the better of the taste. Cohesiveness means the probe works to overcome the stickiness resistance of the sample surface moving upward. And the greater of the value means the higher of stickiness of sample. Adhesiveness can simulate the required energy of breaking semi solid sample the steady state of swallowing.
A 10 mm long pieces cut from fresh natural cooling extrusion texturization was compressed using a P/36R probe to 50% of its original thickness at a speed of 1 mm/s using a TA.XT Plus type matter, reciprocating 2 times at intervals of 5 sec. Each sample does three parallel determination times and the results were showed in an "average value ± standard deviation".
Determination of solvent retention capacity: Solvent Retention Capacity (SRC) is the ability of the flour keeping the solvent during a certain centrifugal force. And it is expressed as a percentage of keeping the solvent in 100 g flour of moisture content of 14% (mass fraction). Usually distilled water, 50% (w/w) sucrose solution, 5% (w/w) sodium carbonate solution and 5% (w/w) lactic acid solution are used to reflect the quality and functional properties of flour.
This test studied the solvent retention force characteristics of sample referring to the determination of flour (AACC, 2004) . Quality and functional of the sample can be comprehensive reflected in four aspects; for instance, Sucrose Solvent Retention Capacity (SSRC) can reflect the characteristics of pentosan content and gliadin in the sample; Sodium Carbonate Solvent Retention Capacity (SCSRC) reflecting the damage degree of starch grains in the sample; Lactic Acid Solvent Retention Capacity (LASRC) reflecting the gluten properties in the sample; and Water Soluble Retention (WSRC) reflecting characteristics of all components in the sample.
The specific experimental procedures: weighing about 1.000 g sample powder in 50 mL covered the centrifuge tube, adding about 5.00 g distilled water, 50% sucrose, 5% sodium carbonate solution and 5% lactic acid solution respectively as a solvent. And the centrifugal should be shaken violently to mix sample powder and solvent evenly, static swelling for 20 min and mixing for 5 sec every 5 min during this period. After that, the centrifugal tube was arranged in a centrifuge, centrifuging at 3000 rpm for 15 min. After centrifugation, discarded the supernatant slowly. The centrifugal tube was inversed on the filter paper for 10 min and weighing with cover. For every solvent: (1) where, W 1 = Mean the quality of samples W 2 = The quality of centrifugal tube with a lid W 3 = The quality of centrifugal tube with a lid and samples after drainage M = The moisture content of samples Protein solubility: The leaching solution was compounded with phosphate buffer solution (P), sodium dodecyl sulfate (SDS), sodium sulfite (N) and urea (U) (Adjusted to pH 7.6) (Liu and Hsieh, 2008 , Chen et al., 2011 , Hager, 1984 :
Determination the moisture content of samples before digestion. Weighting about 0.2 g samples and mixed with 6 mL extraction solvent. The samples were water bath extraction at a temperature 40°C for 3 h and shaken every half hour. After that, centrifuging at 4000 rpm for 20 min, collecting the supernatant to constant volume to 10 mL. Then the soluble protein content was determined by Lowry method in wavelength 500 nm (Lin et al., 2000) : (2) R = 1.0000, F = 39489.2887>F0.01 (8,1) = 5981 and the significant at p = 0.0039<0.01. The result shows that the correlation coefficients (2) can be used for predicting the value of lightness (L*) of extruded product of defatted soy flour vapor treated. The effect of each factor on extrusion texturization of L*can be ordered: (Table 3) Redness ( Effects of steam treatment on texture profile of extruded products: Texture is the most important evaluation index of extrusion texturization and will vary greatly with small variation of production operation. Table 4 summarizes the results of the determination of texture characteristics of extrusion texturization products of defatted soy flour steam treated. A regression equation of the steam treatment temperature, time and moisture content of defatted soy flour to texture characteristics of extrusion texturization products can be tried to establish based on the statistical results.
The correlation coefficients of regression equation of hardness, elasticity, cohesiveness, adhesiveness, chewiness and resilience can be obtained by the quadratic polynomial stepwise regression analysis. (Table 6) Resilience: Resilience = 1.0151-0.0101X 1 -0.0437X 2 -0.0000 X 3 +0.00003X 1 2 +0.0005X 2 2 +0.0002X 1 X 2 -0.0000X 1 X 3 +0.0001X 2 X 3 (5) R = 1.0000, F = 3327.7697>F0.05 (8, 1) = 239 and the significant at p = 0.0134<0.05. The results shows that the correlation coefficients (5) can be used for predicting the resilience of extruded product of defatted soy flour steam treated. The effect of each factor on extrusion texturization of resilience can be ordered: (Table 7) Elasticity: R = 0.9885, F = 5.3324<F0.05 (8, 1) = 239 and the significant at p = 0.3236>0.05.
Hardness
Adhesiveness: R = 0.9809, F = 3.1808<F0.05 (8, 1) = 239 and the significant at p = 0.4096>0.05. Chewiness: R = 0.9782, F = 2.7732<F0.05 (8, 1) = 239 and the significant at p = 0.4352>0.05. So, we know that the quadratic polynomial stepwise regression analysis is not applicable to predict the elasticity, adhesiveness and chewiness of extruded product of defatted soy flour steam treated.
Effects of steam treatment on solvent retention capacity of extruded products: WSRC: Distilled water solvent retention capacity, SSRC: Sucrose solvent retention capacity, SCSRC: Sodium solvent retention capacity carbonate, LASRC: Lactic acid solvent retention capacity. Table 8 summarizes the results of the determination of solvent retention capacity of extrusion texturization products of defatted soy flour steam treated. A regression equation of the steam treatment temperature, time and moisture content of defatted soy flour to solvent retention capacity of extrusion texturization products can be tried to establish based on the statistical results.
The correlation coefficients of regression equation of WSRC, SSRC, SCSRC and LASRC can be obtained by the quadratic polynomial stepwise regression analysis.
WSRC: WSRC = -478.9037+12.0581X 1 +23.1002X 2 -4.6020 X 3 -0.0603X 1 2 -0.3307X 2 2 -0.1059X 1 X 2 +0.0512X 1 X 3 -0.0398X 2 X 3 (6) R = 0.9997, F = 247.3924>F0.05 (8, 1) = 239 and the significant at p = 0.0491<0.05. The results shows that the correlation coefficients (6) can be used for predicting the WSRC of extruded product of defatted soy flour steam treated. The effect of each factor on extrusion texturization of WSRC can be ordered: (Table 9) SSRC: R = 0.9993, F = 94.2229<F0.05 (8, 1) = 239 and the significant at p = 0.0795>0.05. Thus the quadratic polynomial stepwise regression analysis is not applicable to predict the SSRC of extruded product of defatted soy flour steam treated.
LASRC: LASRC = 564.0242-4.2846X 1 -9.6991X 2 -0.7024X 3 + 0.0249X 1 2 +0.2268X 2 2 +0.0465X 3 2 -0.0384X 1 X 3 + 0.0338X 2 X 3 (7) R = 0.9999, F = 494.5521>F0.05 (8, 1) = 239 and the significant at p = 0.0348<0.05. The results shows that the correlation coefficients (7) can be used for predicting the LASRC of extruded product of defatted soy flour steam treated. The effect of each factor on extrusion texturization of LASRC can be ordered: X 32 >X 22 >X 2 >X 1 X 3 >X 1 >X 12 >X 2 X 3 >X 3 (Table 10) 
R = 1.0000, F = 3652.4896>F0.05 (8, 1) = 239 and the significant at p = 0.0128<0.05. The results shows that the correlation coefficients (8) can be used for predicting the SCSRC of extruded product of defatted soy flour steam treated. The effect of each factor on extrusion texturization of SCSRC can be ordered:
2 >X 3 2 >X 1 >X 2 2 >X 2 >X 1 X 2 (Table 11  and (9) can be used for predicting the interaction of covalent bond and noncovalent bond of extruded product of defatted soy flour steam treated. The effect of each factor on extrusion texturization of interaction of covalent bond and noncovalent bond can be ordered:
2 >X 3 >X 3 2 >X 1 X 2 >X 2 2 >X 2 X 3 >X 1 X 3 (Table 13 )
CONCLUSION
The quadratic polynomial regression model can be used to analyze the effects of pretreatment of raw material on defatted soy flour extrusion texturization product properties and try to establish pretreatment conditions on the product characteristics index regression model. The results shows although the correlation coefficient of the regression equation R is large, close to 1, but that doesn't mean the quadratic polynomial regression model significant. This study shows the correlation coefficients can be used for predicting the value of L*, hardness, cohesiveness, resilience, WSRC, LASRC, SCSRC and the interaction of covalent bond and non-covalent bond of extruded product of defatted soy flour steam treated. But it is not applicable to predict the value of a*, b*, △E, elasticity, Adhesiveness, chewiness, SSRC, Covalent binding protein and non-covalent binding protein. The effect of moisture content of raw material on the hardness and LASRC is significant. The temperature of steam treatment on WSRC and the interactions of covalent and non-covalent protein is the most significant impact. The interactive effects of steam treatment temperature and moisture content on SCSRC of product is significant. The time of steam treatment has the most significant influence on L*, cohesiveness and resilience of product.
